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WIND TUNNEL TEST OF THE 0.019 SCALE
SPACE SHUTTLE INTEGRATED VEHICLE (MODEL 14-0TS)

IN THE CALSPAN 8-FOOT TRANSONIC WIND TUNNEL
(1A36)

R. B. Hardin, R. R. Burrows, Rockwell International

ABSTRACT

This report contains information concerning a wind tunnel test of
the 0.019 scale Space Shuttie Integrated Vehicle in the CALSPAN 8-foot
Transonic Wind Tunnel. The test started 15 June 1973 and ended 22 June
1973 for a total of 80.5 charge hours. The test identification number
is IA36.

The purpose of this test was to determine the effect of cold jet gas
plumes generated from MPS and SRM nozzles on 1) six-component force and
moment data, 2) wing static pressures, 3) wing hinge moment, 4) elevon
hinge moment, 5) rudder hinge moment, and 6) orbiter MPS nozzle pressure
loads. The effects of rudder deflection, nozzle gimbal angle, and plume
size were also obtained.
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SYMBOL

Abpcps

AbEQHT
Aboms

! AbomsN
‘ Aborg

Abgam

ACEOHT
ACors
Acsrm
ANorg

ANsru
a

PLOT
SYMBOL

BREF

N

NOMENCLATURE

DEFINITION

Attitude_control propulsion system base
area, ft? (total for two)

External tank tgta] base area (cavity plus
model base), ft

Base area of orbital maneuvering system
(minus projected araa of OMS nozzle), £t2
(total for two)

Nozzle exit area of OMS, ft (total for two)

Total orbiter base area (minua projected
exit area of MPS nozzles), ft

SRM shroud base area (minus projected
nozzle exit area), (total for two), ft

External tank cavity area, ft2
Orbiter cavity area, ft2
SRM cavity area, ft¢ (total for two)

To%al exit area of (3) orbiter MPS nozzles,
ft

Total exit area of (z) SRM nozzles, ft

Distance from Ny gage to MRP (positive
forward of MRP), inches

Wing span or reference span; m, ft
Orbiter exposed wing panel semi-span
(distance from exposed root chord to tip
chord), inches

Elevon M.A.C. length, inches

Center of gravity

Rudder M.A.C. length, inches




SYMBOL
CAgaL

C
Adaces

Ca
beonT

C’.
AbgouT

NOMENCLATURE (Continued)

PLOT
SYMBOL

DEFINITION

Balance chord force coefficient (uncorrected)

Attitude control maneuvering system base
chord force coefficient

External tenk base chord force vefficient
(based on AbEOHT;

External tank base choid force coefficient
(based on ACEOHT)

Orbital maneuvering system base chord force
coefficient

Orbital maneuvering system nozzle base
chord force coefficient

Orbiter base chord force coefficient (based
on Aborg)

Orbiter base chord force coefficient (based
on ACORB)

SRM base chord force coefficient (based on
Abspu)

SRM base chord force coefficient (based on
Acsru)

External tank cavity chord force coefficient
(corrected to base pressure)

Extern» *znk cavity chord force coefficient
(based on Acegnr and EOHT cavity pressures)

Orbiter cavity chord force coefficient
(corrected to base pressure)

Orbiter cavity chord force coefficient
(based on Ac and orbiter cavity

ORB
pressures)

SRM cavity chord force coefficient
(corrected to base pressure)



SYMBOL

NOMENCLATURE (Continued)

PLOT

SYMBOL DEFINITION
SRM cavity chord force coeffizient (based
on ACSRM and SRM cavity pressures)
Orbiter nozzle chord force coefficient
SRM nozzle chord force coefficient

CAF Ascent vehicle forebody chord force
coefficient

CA Ascent vehicle total chord force coefficient

CBL Ascent vehicle rolling moment coefficient

CBW Wing bending moment coefficient about
exposed root chord

CFR Resultani force of the normal force and side
force for the ngzz]e, based on a reference
area of 49.4 ft

CHEI Inboard elevon hinge moment coefficient

CHEOQ Qutboard elevon hinge moment coefficient
Total elevon hinge moment coefficient,
CH + CH

e eq

CHR Rudder hinge moment coefficient

CHW ing torsional moment coefficient

CMR Resultant mcment of the pitching moment and
yawing moment for the n0251e, based on a
reference area of 49.4 ft

CLMF Ascent vehicle forebody pitching moment
coefficient

CLM Ascent vehicle total pitching moment

coefficient

10




SYMBOL

CmgaL

ASRMPR

A0PR

‘Caf

PLOT
SYMBOL

NOMENCLATURE (Continued)

DEFINITION

CN
CNW

Cy
CYN

DELCP

DSRMPR

DOPR

DDCAIR

DDCNDR

DDCMFR

DDCYDR

Balance pitching moment coefficient
Ascent vehicle normal force coefficient

Normal force coefficient on one exposed
wing panel

Wing, base, cavity, and upper MPS nozzle
pressure coefficient

Ascent vehicle side force coefficient
Ascent vehicle yawing moment coefficient

Mean aerodynamic chord of exposed wing
panel (based on Sy)s inches

Incremental pressure distribution between
opposite sides of the MPS nozzles (see
table II, p. 59)

Incrementation SRM nczzle pressure ratio,
(power on - power off)

Increment in orbiter nozzle pressure ratio,
(power on - power off)

Incremental effect of power on axial force
coefficient rudder effectiveness

Incremental effect of power on normal force
coefficient rudder effectiveness

Incremental effect of power on pitching
moment coefficient rudder effectiveness;
includes forebody axial force

Incremental effect of power on side-force
coefficient rudder effectiveness




SYMBOL

NOMENCLATURE (Continued)

PLOT
SYMBOL

DDCBLR

DDCYNR

DCAFDR

DCN/DR

DCMFCR

DCY/DR

DCBLDR

DCYNDR

DCLM/DX
DCNMDX

DCN/DX

DCY/DX

DCYN/DX
DCYNDX

DEFINITICN

Incremental effect of power on rolling
moment coefficient rudder effectiveness
Incremental effect of power on yawing
moment coefficient rudder effectiveness
Fuorebody exial force coefficient rudder

effectiveness

Normal force coefficient rudder effective-
ness

Pitching moment coefficient rudder effec-
tiveness; includes forebody axial force
effect

Side force coefficient rudder effectiveness

Rolling moment coefficient rudder effec-
tiveness

Yawing moment coefficient rudder effective-
ness

Local pitching moment coefficient
distribution with respect to x/de

Local normal force coefficient
distribution with respect to x/de

Local side force coefficient
distribution with respect to x/de

Local yawing moment coefficient
distribution with respect to x/de

12




SYMBOL

aCN

o0

e

du

BCY

3B

QCQ

3B

NOMENCLATURE (Continued)

Normal force coefficient derivative with

Pitching moment coefficient derivative with
respect to alpha; includes forebody axial

Side force coefficient derivative with

Ro1ling moment coefficient derivative with

Yawing moment coefficient derivative with

Longitudinal location ¢f the aerodynamic
center in pitch (XAC/L) and yaw (XYAC/L)
based on an overall ascent vehicle length
of 2175 inches F.S.

Incremental effect of power on normal force
coefficient alpha derivative

Incremental effect of power on pitching
moment coefficient alpha derivative; fore-
body axial force effect included

Incremental effect of power on side force
coefficient beta derivative

PLOT

SYMBOL DEFINITION
CN/A

respect to alpha
CLMF/A

force effect
CY/B

respect to beta
CBL/B

respect to beta
CYN/B

respect to beta
XAC/L
XYAC/L
DCiv/A
DCMF/A
DCY/B
DCBL/B

Incremental effect of power on rolling
moment coefficient beta derivative

13




NOMENCLATURE (Continued)

effect

effect

effect

center

effect

effect

of power on

rolling

beta derivative

of power on
of power on
of pressure

of power on

of power on

coefficient

effect

effect

of power on

of power on

Incremental effect of power on

Incremental effect of power on

PLUT
SYMBOL SYMBOL DEFINITION
DCYN/B Incremental
moment coefficient
DXAC/L Incremental
center of pressure
DYAC/L Incremental
directional
DCN Incremental
coefficient
DCAF Incremental
axial force
DCAB Incremental
coefficient
DCLMF Incremental
moment coefficient
DCY
coefficient
DCYN
moment coefficient
DCBL

Incremental effect of power on
moment coefficient

Tongitudinal

lateral-

normal force

forebody

base force

pitching

side force

yawing

rolling

Distance from N, gage to MRP [(positive
forward of MRP)“inches

Diameter of nozzle at exit plane

Diameter of nozzle at entrance plane

Diameter of nozzle at throat

Distance from MRP to balance centerline
(positive above MRP)

14



SYMBOL
f

NOMENCLATURE (Continued)

PLOT
SYMBOL

DEFINITION

GP1

GP2

GP3

GP4
GP5
GY

GY2

GY3

Distance from MRP to Y, gage (positive
forward of MRP)

Upper orbiter nozzle; degrees of pitch that
the engine is ginballed from null

Lower left orbiter nozzle; degrees of pitch
that the engine is gimballed from null

Lower right orbiter nozzle; degrees of pitch
that the engine is gimballed from null

Left SRM nozzle
Right SRM nozzle

Upper orbiter nozzle; degrees of yaw that
the engine is gimballed from null

Lower left orbiter nozzle; degrees of yaw
that the engine is gimballed from null

Lower right orbiter nozzle; degrees of yaw
that the engine is gimballed from null

Gimbal pitch angle of nozzle from null
position (denoted by subscript), degrees

Gimbal yaw angle of nozzle from null
position (denoted by subscript), degrees

Distance from MRP to Y, gage (positive
forward of MRP), 1nche§

Incidence angle of orbiter reference plane
with respect to EOHT reference plane,
degrees

Elevon hinge moment gage calibration factor

(subscript denotes inboard or outboard)
in.-1b/cts

15
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i NOMENCLATURE (Continued)

DEFINITION

| PLOT
! SYMBOL SYMBOL
Krpe
KY‘
! Kij
1
!
j
! 2
E 2REF LREF
M. MACH
m,2,3,
M,2,3
; m,2,3
i
| Me ()
i
| MPSRA
mr

Ratio of measured to theoretical exit

pressure Pe meas/Petrue

Rudder hinge moment gage calibration factcr,
in.-1bs/cts

Wing gage calibration factor, in.-1b/ct
where i1 = gage number and j = order of K in
the second degree calibration curve fit

Ro11ing moment balance output, in.-1bs

Ascent vehicle moment reference length,
inches

Tunnel freestream Mach number

Wing strain gage output (uncorrected for
interactions) in.-1bs; where 1 is the in-
board bending gage, 2 is the outboard
bending gage, and 3 is the torsion gage

Wing strain gage output which has been
corrected for interactions, in.-1bs; where
1 is the inboard bending gage, 2 is the
outboard bending gage, and 3 is the torsion
gage

Wing strain gage output, raw data counts,
where 1 is the inboard bending gage, 2 is
the outboard bending gage, and 3 is the
torsion gage

Elevon hinge moment gage output, raw data
counts where subscript denotes inboard or
outboard panel

Orbiter MPS nozzle rotation angle, deg.

Rudder hinge moment gage output, raw data
counts

16 ~
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SYMBOL

MRP(X,Y,2)

()

Pesp, » RPe( )

Ry/L

NOMENCLATURE (Continued)

PLOT
SYMBOL DEFINITION
XMRP Moment reference point in X,Y,Z coordinates,
YMRP inches
IMRP
Forward normal force gage output, pounds
Aft normal force gage output, pounds
Normal force on exposed wing panel, pounds
OPR Ratio of orbiter chamber pressure (P.) to
freestream total pressure
Model pressure, psfa
Nozzle plenum total pressure denoted by a
subscript
Nozzle exit static pressure (denoted by a
subscript), psia
Tunnel static pressure, psfa
POWER Nozzle power supply: Power = 1.0 - ON
Power = 0.0 - OFF
Tunnel total pressure, psfa
Ratio of plenum total pressure to freestream
pressure
SRMPR Ratio of SRM nozzle exit pressure to free-
stream tctal pressure
Ratio of plenum total pressure to Pt,
denoted by a subscript
Ratio of nozzle exit static pressure to Pes
denoted by a subscript
Q(PSF) Tunnel freestream dynamic pressure, psf
RN/L Tunnel Reynolds number, per foot

Orbiter MPS nozzle local radius.

17




PLOT

SYMBOL SYMBOL

r/pex

SREF SREF

x/c X/C

x/dg X/DE

NOMENCLATURE (Continued)

DEFINITION

Ratio of the local radius to the critical
throat radius for the MF3 nozzles

Elevon area (total one side) ft°

Reference area for nozzle, ft?
Rudder area, ft?2

Ascent vehicle coefficient reference
area, ft2

Area of one exposed wing panel (includes
glove area), ft

Tunnel freestream static temperature, °R
Tunnel total temperature, °R

Model pressure weighting factor,
either 0 or 1

Distance forward of nozzle exit plane

Chord-wise wing locavion, fraction of
the chord

Ratio of the distance forward of the nozzle
exit to the internal diameter of the nozzle
exit

Ratio of the distance forward of the nozzle
exit to the critical throat radius of the
MPS nozzles

Distance from orbiter MPS nozzle gimbal to
exit plane

Orbiter station of exposed wing torsional
axis, inches

18
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NOMENCLATURE (Continued)

PLOT
SYMBOL SYMBOL DEFINITION
Xo Orbiter longitudinal station, inches
X1 EOHT longitudinal station, inches
Xw Distance between wing bending gage
my and my, inches
Yo Orbiter spanwise station, inches
Y Orbiter spanwise station of exposed wing
ROCT
root chord, inches
Y1 EOHT spanwise station, inches
Y Spanwise distance from the exposed wing root
chord to the my gage (positive when m; gage
is outboard of reference station), model
scale inches
y/de Y/DE Lateral distance from the nozzle centerline
as a fraction of the nozzle exit internal
diameter
b Vertical distance from centroid of ACPS base
ACPS area to MRP (positive above MRP), inches
b Vertical distance from centroid of EOHT base
EOHT area to MRP (positive above MRP), inches
Z, Vertical distance from centroid of OMS base
OMS area to MRP (positive above MRP), inches
ZbOM Vertical distance from centroid of OMS
SN nozzle base area to MRP (positive above MRP),
inches
Zb Vertical distance from centroid ot ORB base
ORB area to MRP (positive above MRP), inches

19
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SYMBOL

Zbspm

ZCEoHT

Zeore

! “Cpu
ZNoRe

z
NSRM

se

NOMENCLATURE (Continued)

Vertical distance from centroid of SRM base
area to MRP (positive above MRP), inches

Vertical distance from centroid of &EOHT
cavity area to MRP (positive above MRP),

Vertical distance from centroid of orbiter
cavity area to MRP (positive above MRP),

Vertical distance from centroid of SRM
cavity area to MRP (positive above MRP),

Vertical distance from centroid of orbiter
nozzle exit area to MRP (positive above MRP),

Vertical distance from centroid of SRM
nozzle exit area to MRP (positive above MRP),
Orbiter vertical station, inches

EOHT vertical station, inches

Vertical distance from the nozzle centerline
as a fraction of the nozzle exit internal
Ascent vehicle angle of attack, degrees
Ascent vehicle angle of sideslip, degrees

Angle of some radial direction in the base
planes to the nozzle centerline, degrees

Aileron deflection defined as (&5 - sap)/2,

PLOT

SYMBOL DEFINITION
inches
inches
inches
inches
inches

Z/DE
diameter

ALPHA

BETA

AILRON
degrees

ELEVON

Elevon deflection defined as (aeL + éeR)/Z.
degrees
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NOMENCLATURE (Continued)

PLOT

SYMBOL SYMBOL
5y RUDDER
( am]) (am3 >

3m2 ( ) am-] ( )
n ETA
OFR THETAF
GM R THETAM
ON
¢ PHI
¢ PSI
SUBSCRIPTS
a
ACPS
b
e
EONHT

DEFINITION

Rudder deflection, degrees

First order interaction for wing berding and
torsion gages. (1) denotes first order term
in a 2nd degree curve fit, (2) denotes second
order term in a 2nd degree curve fit

Spanwise wing station, fraction of the semi-
span

Angle of resultant force, CFR, measured
from top centerline of the nozzle, positive
in a clockwise direction when looking
forward, degrees

Angle of resultant moment, CMR, measured
from top centerline of the nozzle, positive
in a clockwise direction when looking
forward, degrees

Rotation angle of MPS nozzles in ball
sockets (clockwise rotation as looking
forward is positive), degrees

Radial angle on MPS nozzles with ¢ = G° on

top, ¢ = 900 on the right side, = 1800 on
bottom, and 4 = 270° on left side, degrees

Nozzle angle of yaw, degrees

DEFINITION
aileron

attitude control propulsion system
base

elevon

xternal oxygen hydrogen tank
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NOMENCLATURE (Concluded)

SUBSCRIPTS DEFINITION
I irboard
1 local
L left
0 outboard
OMS orbital maneuvering system
OMSN orbital maneuvering system nozzle
ORB, o orbiter
r rudder
R right
s static conditions
SRM solid rocket motor
t total conditions
T external tank
| W wing
j 1 top MPS nozzle
i 2 left MPS nozzle
! 3 right MPS nozzle
l 4 left SRM nozzle
E 5 right SRM nozzle
® free stream
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CONFIGURATION DESCRIPTION

The model test was an 0.019 scale representation of the Rockwell/NASA
configuration of the integrated space shuttle vehicle. The model had the
capability of cold jet simulation of the jet plumes generated from the SRM
and MPS nozzles.

The 2A orbiter was rigidly attached to the EQHT at 0° incidence with
respect to the EOHT centerline. The orbiter MPS nozzles were attached to
the non-metric air supply system which runs through the sting.

The 4 configuration EOHT was mounted on a 2.5 inch sting mounted in-
ternal balance.

The 4 configuration SRM's were rigidly attached to the EOHT with the
SRM centerline on waterplane X7 = 0.0" and butt plane YT = 243" full scale.
The nozzles could be deflected +7° pitch and +7° yaw.

“ne .rbiter right-hand wing panel had forty (40) static pressure taps
and the ‘eft-hand wing is attached to the orbiter by a single flexure
three-componant moment balance. The elevon panels on the left-hand wing
panel were attached by means of single-component moment balances.

The vertical tail rudder had the capability of being deflected +10°.

The rudder panel was attached to the vertical tail by means of a single-
component mcment balance.

Nozzle Gimbal Angles & Reference Systems fo- Angle Measurement

The orbiter has three MPS nozzles whose individual gimbal points
each define the origin of three separate reference systems. These ref-
erence systems are shown in figure 2.a. Positive indications of gimbal
pitch and gimbal yaw are shown.

Figure 2.b. is an enlarged view of one of these reference systems.
A1l three planes shown are at right angles to one another. The dashed
lines are projections of the nozzle centerline onto the pitch and yaw
planes of the reference system. (a) is the angle of pitch; either up
or down. (v) is the angle of yaw; either right or left. Each nozzle
is physically set to a gimbal angle of pitch and for yaw by an appara-
tus which measures (4); some radial direction in the base plane, and
(v);the angle from that radial to the nozzle centerline. The ¢ sector
is determined by (a) and (y):




¢ o v
270° to 360° 0° to +90° 0° to +90°
180° to 270° 0° to -90° 0° to +90°
90° to 180° 0° to -90° 0° to -90°
0° to 90° 0° to +90° 0° to -90°

A1l test programs for this model use the symbol Gp as the angle
that the centerline of the nozzle is pitched (up or down) and Gy as the
angle that the centerline of the nozzle is yawed (right or left). Up
and left are both in the positive direction.

Since all angles are defined from the nozzle null position, the
relationships are as follows:

(1) G = o- anull
(2) Gy = y - ynull

Where anyll is the angle that the nozzle centerline is pitched from
the reference system axis to null position and yp,17 is the angle that

the nozzle centerline is yawed from the reference system axis to null
position (figure 2.b.).

anull and ypyll are specified for each MPS nozzle in the dimensional
data for Ng and N1g. It should be noted here that a side view of the
of the orbiter shows that the nozzle base plane is rotated 13° fr ver-
tical. Therefore, the three independent nozzle reference system. for

nozzle pitch differ from the orbiter's Xo’ Yo’ Z reference system hy
a 139 rotation angle from vertical. 0

The following equations were used to convert nozzle gimbal angles
e and ¢y to ¢ and y, the two angles that the fixture uses to duplicate

the given angles:
-TANy
TANa

SINe + COS
(2) AN = TRETANG

(1) TAN¢
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Also, for the following fixture settings, the angle & = 90 - v.

Top Nozzie:
Aero Setting

Null & Firing; Gy, Gp =0

Bottem Left Nozzle

Aero Setting

Firing;

Gp = 1

Gp = -1

Gy = 9

Gy = -9

Gp = 11, Gy -9
Gy = -3.5

Gp = 1

Gp = -11

Gy = 9

Gy = -9

Gp = 11,Qy= -9

Fixture Setting

¢ )

0° +3°

0° +14°
180° 8°
288° 9.5°
7n.7° 9.5°
32.5°  16.5°

Fixture Setting

¢ 8
180° 3°
336.5° 8.7°
193.6° 14.4°
256.7 12.8°
118.3° 6.2°
34.42 9.7°
229.4° 4.6°




Bottom Rigit Nozzle:

Aero Setting

Fixture Setting

¢ 0

Firing; Gy = 3.5 180° 3°
Gp - N 23.5° 8.7°
Gp = -1 166.2° 14.4°
| Gy = 9 241.8° 6.2°
§ Gy = -9 103.3 12.8
3 Gp 11, Gp -9 57.7° 14.7°
Gy,Gp =0 130.6° 4.6°

Model Nomenclature

The tollowing nomenclature will be used to designate model com-

e

ORBITER NOZZLES

ponents:
Component Definition
B10 Body
Cs Canopy
Dy Manipulator Housing
w87 Wing
Eig Elevon
V5 Vertical Tail
R5 Rudder
M, OMS Pod
N8 OMS NOZZLES



Component

N7
T10

The following table

descriptions:
Configuration

0115y

02715y

P O A‘—_‘*‘_‘M\

Definition

ORBITER PRESSURE NOZZLES
Body Flap

Transition Strip
SRM

SKM Nozzle

EOHT

shows 0TS configurations and their corresponding

Description
Baseline (2A):
Byg» C5s Dys Fg» M3, Ngs
Ngs Ny7s Vgs Rgy Wgzs Eqgo
Xg» 510> T10

Baseline (2A) with static taps on
three MPS nozzles:

B1g» C5s D7 F4s M3, Ng,
Nios Ny7> Vs» Rgs Wy Eqgo
Xg» S10° Tho
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TEST FACILITY DESCRIPTION

The 8-Foot Transonic Wind Tunnel was placed in operation in December
of 1956 as the result of modernizing the 12-Foot Variable Density Wind
Tunnel to extend its operation through the transonic range. The tunnel
has a perforated throat and an auxiliary pumping system for plenum pump-
ing. The continuous circuit tunnel is capable of operating from 1/6 to
2-1/2 atmospheres total pressure, thereby providing a wide range of test
Reynolds numbers as well as Mach numbers. The range of operating pres-
sures is necessarily limited by the total power available at the higher
Mach numbers. Pumping the tunnel to these conditions is done by four
centrifugal compressors for above one atmosphere testing and by seven
compressors for below one atmosphere. Evacuation of the tunnel to 800
psf total pressure can be accomplished by use of the auxiliary compressor
from atmospheric pressure. This procedure takes approximately 8 minutes.
Consequently, at least an initial expenditure of time is necessary to
bring the tunnel to the desired operating conditions. During model
changes, two gate valves isolate the test section from the tunnel proper,
making it necessary to bring only the test sphere to atmospheric ccndi-
tions. By careful planning of the test program, it is then possible to
reduce pumping time to a minimum.

The test section of the tunnel is a removable cart. In many in-
stances this feature permits the installation of a model prior to testing,
resulting in a saving of tunnel time. Three carts are in active use: a
sting cart for the testing of sting-mounted, full-span models, a reflec-
tion plane cart for use with semi-span reflection plane models, and the
fairing cart for full-span models mounted from a plate.

Low speed airflow calibrations have been performed for free-stream
velocities from 5 to 90 feet per second. Velccities in this range are
steady and can be set accurately using a fixed main drive blade angle
and varying the rpm. Low speed tests may be run within the operating
tunnel densities of 1/6 of an atmosphere to 2.5 atmospheres.

More explicit details of the tunnel and its operational character-

istics can be found in the 8-Foot Transonic Wind Tunnel Report WT0-300
at Cornell Aeronautical Laboratory.
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TESTING AND PROCEDURE

PRESSURE INSTRUMENTATION

The right hand orbiter wing panel was instrumented with forty (40)
static pressure taps. A total of sixteen (16) base and cavity taps were
installed for use in correcting chord force measurements.

The orbiter MPS nozzles each had twelve (12) external static taps at
various radial and longitudinal locations.

JET PLUME SIMULATION

The CALSPAN high pressure air supply was utilized for cold jet plume
simulation of the jet plumes emanating from the orbiter MPS and SRM
nozzles. The orbiter MPS and SRM nozzles had independent controls for
separate throttling of each system of nozzles. Plume shapes for various
Mach numbers were produced by setting specific values of Pc/Py for the
orbiter nozzles and Pe/Pt for the SRM nozzles. An error in the calibra-
tion of the air supply system resulted in inaccurate settings of the SRM
nominal pressure ratios during the test. Listed below are theoretical
and actual values of the pressure ratios.

Pe/Po Pe/Pe Pe/Pt Pe/Pt Pe/Pt Pc/Pt
NOZZLE M THEORETICAL ACTUAL THEORETICAL ACTUAL THEORETICAL ACTUAL
(NOMINAL) (NOMINAL) (NOMINAL)
Orbiter .9 47.87 47.87 .3370 .3370 28.31 28.31
Orbiter 1.2 93.77 93.77 .4310 .4310 36.20 36.20
SRM .9 155 167 1.878 2.02 91.97 98.9
SRM 1.2 266 308 2.105 2.33 102.703  119.0

FORCE INSTRUMENTATION

The EOHT was mounted on the CALSPAN 2.5 inch Task MK III six~-compo-
nent internal balance. The model angle of attack was indicated by an
NASA/AMES dangleometer and angle of sides1ip was indicated by the sector
read out plus sting/balance deflections. The sting was mounted on the
CALSPAN double roll mechanism.
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TESTING AND PROCEDURE (Concluded)

HINGE MOMENT INSTRUMENTATION

The left hand wing panel was mounted on a single-flexure, three-
component moment balance. The two elevons of the left hand wing panel
and the rudder were each instrumented with single-component moment bal-
ances.

30 : |
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REMARKS

Data were obtained at angles of attack from -8° to +6° at 8 = 0°,
and angles of sideslip from -6° to +6° at a = 0° for run number 15
through 116. The high pressure supply hoses were removed from the sting
for runs 117 through 120 so that angle of attack could be obtained from
_8° to +8° at g = 0° and angle of sideslip from -8° to +8° at a = 0°.

The MPS nozzle pressure loads were obtained during runs 19 through
78. Wing and top MPS pressure (eN = 0°) data were obtained during runs
81 through 120. For runs 81 through 120, wing taps 106, 107, 108, 109,
214, 215, 309, 310, 412 were not measured so that top MPS nozzle taps
1, 3, 4,5, 6, 7, 9, 10, 11 and 12 could be measured. The high pressure
air supply hoses were removed from the test section during runs 117
through 120 to determine if the hoses affected the force and pressure
data.
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DATA REDUCTION

The balance data were reduced to coefficient form and corrected for
all appropriate tunnel corrections, sting/balance deflections, and tares.

The reference area, Sppp, for all ascent vehicle coefficients is the
theoretical wing total planform area. The reference length, tpgp, for the

pitching, rolling, and yawing moment coefficients is the fuselage body
length. Chord force and pitching moment balance coefficients were adjusted
for the effect of cavity pressures according to the following equations:

Ascent vehicle total chord force coefficient (CA):
Ch =¢C +C +C +C +C +C
At~ “RgaL " “Acopg  ACgonr ~ ACspm - ANors ~ “ANsgw

where:

C = -Ck + Cy
Acos  Pcors Pbors

C Ch +C}
- A
ACeoHT=  PCoHT 'DEQHT

* *
-C 4 C
CACSRM L

102
r Cp;  Acors
CAc - i=]0]
ORB 1g2 " SREF
i=101

204
R t Cp,  ACors
Chy = - 1=20]
ORB 208 3
z WFy REF

i=201

204
; CPy
- =201
00 o
L i
=261

Ay
Ca ORB
NORB
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304
z CPi
- i=303

"

EQHT

*
CAc
EOHT 304NF
I Wrj

1=303

302

o
"
)

—e
n

W

o

—

SREF

ACEQHT

EOHT 302

SREF

ACsrm

Ca
ACspm

i

)
pa
[
p-=

H = i=401

SREF

A
Corm

Ca
bsrm 308

1]
—bo
u
P
o
—

SREF

A
NsrM

C =
ANsam 108

SREF
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A-cent vehicle total pitching moment coefficient (Cmt):

o = Cm,y - Ca Zors | , o* “Corn
™t ""baL T "ACORB | tggy Aborp | LREF

ZNoRs * [ZCEOHT] . [ZCEOHT]

-C —_— A
| ACkout | 4reF bEOHT | %REF

[ h
* ZCsmu | , ZCsM| , o |Nsma
Acsmy | tREF |~ “Abspy | REF ARSRM | tReF

ORB . ORE EQHT
Co = C +C —|+cC +C
or MBAL ACogrp [lnm‘ ] ANorn [iREF ] ACr:ou'r [ LREF

ZCgpy ZNsry
+ C ——| + Cay —=RH
CsrM [ LREF SRM | LREF




where:

Forebody chord force coefficient (CAf):

-C

Ch =Cp. - C -C A
Ar = VAT T Abges T Pbpour T bspm

- ¢ -C - C
Aooms ~ Pbomsy  "bacps

204

C A
C r P Eors
Abors = - §=201
2 W, SREF
§2201
302
Cp L Cpi Ap
bEQHT= - §=301 EOHT
302 NF1 §REF
§=301
404CP ~
c r Py A ' FRNEN 0L TR
Pbpm = - =401 BsrM '

404 S
. WF REF
=401

Ay
Ca OMSN
POMSN= (Cp3gs)  Srer

Ap

cAb _OMS
oMs = -(Cp 105) Sper

Ap
ACPS
C
AbAcp5 - -(CP405) “Seer
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o Ascent vehicle forebody pitching moment (CMf):

Zborp ZbpouT

Cme = Cpp_ - Ca —=| - ¢, =Bl

e d t boRe |LREF bEOHT | LREF

e Zhseu | _ ¢, Zooms

Avspy |LREF bomMs |2REF

ﬁ c Zooms | c Zbacps
; Moowsy | frer Maces | LReF

Wing, base, cavity, and upper MPS nozzle pressure coefficient (Cpi):

Py - P
Cey "\ q

Component hinge moment data:

The left hand wing panel was instrumented with a single-flexure three
component moment balance. This balance was temperature compensated and
gave accurate measurements at all tunnel temperatures.

The two elevons of the left hand wing panel and the rudder were each
instrumented with single component moment balances. These balances were
not temperature compensated and experiesnced large zero shifts during the
\ test. During any specific pitch or yaw run,the zero shifts were negligible.
However, during a series of pitch and yaw runs, the zero shifts happened at
a point that cannot be determined. The sensitivity did not change. The
tabulated data for these components (CHg,, CHe ., Cnr) are presented and

should be used for defining magnitude of the moment load.

Elevon hinge moment (CHe):

me; Keg

Cu'l - q—s.?: (Inboard)
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where:

m & raw cts

K = calibration factor(in.-lb/ctl)

Rudder hinge moment (cHr):

]
n K

G, * qSrc,

Wing bending and tossion:

Convert rav data counts to in.~lbs: (basic slopes)
vhare:
a' = rav data cts

Ktj = calibration tnctor(in.-lb/ct)nnd i = gage number
J » order of term of second degree curve fit

.- ni K, * (-i)2 K2 (inboard gage)
n, - -5 ‘21 + (-.‘;)2 ‘22 (outboard gage)

n - -5 ‘31 +* (-5)2 ‘32 (torsion zngo).
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.
Ml-ml—

-
My=my -
M3-m3-

1

6m1 1 6m1
8 1

bey

éml
Determine loads and coefficients:

M-

ém
3
m, +|—
)11 <5'“1

N
W
Cy,, & ——
Ny = q sy
. . ‘MZ + Yw Nw)
By q Sy by
M
Cuyy =
W q Sy oy

Taking interactions into account:

s RN Y
i 6m2 2 6m2

> (tﬂz)2

2 y

> (ml) 2
2 J

> (ml) 2
2

-

Xy
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Jet plume parameters (RPC( Y, RPe( )):

RP

P
- @]
o ) = R

P
- hL{@N pu—
RPe( ) = 144 = K

Reference Dimensions and Constants

Full Scale Model Scale

Abpcps 28.42 ft? 0.01026 ft2
Ab gy 572.56 ft2 0.2067 ft?
Rooms 16.973 ft? 0.00613 ft’
P 25.631 ft’ 0.00925 ft°
Abgre 226.75 t? 0.08186 ft
Abe o 182.01 ft? 0.0661 ft

2 2 :
ACeont 366.5 ft 0.132 ft
ACorg 302.40 ft? 0.1092 ft?
ACeam 181.378 ft2 0.0654 ft2
MNoge 141.44 ft? 0.0511 ft?
A 219.02 7t2 0.0791 ft2

NShu
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Full Scale Model Scale

by 363.341 6.903
@ 90.7 in 1.723 in.
<, 74.4 in. 1.814 in.
S, 513,474 in. 9.756 in
d — -11.283 in.
e - 0.0 in.
f ~ -3.533 in.
g — -10.533 in.
- in. -1b-v =2 in. -1b-v
Kei (Pos) = 26.20 — (Neg) 6.39 —
Ko (Pos) = 27.03 in. -1b-v (Neg) = 27.42 in. -1b-v
% mv mv
ke e (ORB) = 1.060 (SRM) = TBD
Ky (Pos) = 20.80 -"-'l'—T;‘l—b'-"- (Neg) = 20.885"“—-7;‘7"—'1
= AR" inlbv - . inlbv
K1y (Pos) = 463.1672 101V (Neg) = 476.3954 101
K12 (Pos)= 0.0 (Neg) = 0.0
Koy (Pos) = 436.8877 102 (Neg) = 437.4474 10IBY
Koo (Pos)= 0.0 (Neg)= ©.0
K31 (Pos) = 539.9926 1nlbv (Neg) = 538.9718 101BY
mv mv
K (Pos)= 0.0 (Neg)= 0.0
LREF 1328.0 in 25.232 in.

L)




Full Scale Model Scale

Se 210.0 £t per wing panel 0.0758 ft2
Sy 106.38 ft2 0.0384 ft°
S 1006.5 ft? 0.363 ft2
W
SREE 2690.0 t? 0.971 ft2
Xy - 0.5638 in.
XL 1250.79 in. 23.765 in.
yw — 0.1423 in.
Yo0oT 105.0 in. 1.995 in.
b 402.987 in. 7.656 in.
ACPS
ZogouT 0.0 0.0
Zy 415.505 in. 7.895 in.
OMS
b 437.94 in. 8.321 in.
OMSN
ZbORB 310.0 in. 5.89 in.
0.0 0.0
bspm
Z. 0.0 0.0
EOHT
Ic 349.66 in. 6.64 in.
ORB
Zc 0.0 0.0
SRM
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Full Scale Model Scale
N 335.0 in. 6.36 in
ORB

ZNSRM 0.0 0.0

aMl

— (Pos) = 0.0 (Neg) = 0.0
M2/ q

Positive Negative

3

<ﬂ> 0.0 0.0

Mo/ 2

8 . .
M inlbyv inlbv

1> -0.010562 -0.004132 ——
mv mv
<3W3_ ]

2

<M_> 0.0 0.0

M3/ 2

M

Mo 0.0 0.0

M

171
3
/_Mz 0.0 0.0
(3
M/

9 : .
M 0.014458 1BV 0.018206 AP1bV
M mv my

3/

M

2 0.0 0.0

Iy

3/ 2




Positive Negative

M inlbv inlbv
(M 0.022277 2% 0.029935 2%
1/ 1
3
M3 0.0 0.0
Z M 2
: 3 4 i
| M ) -0.031554 1BV -0.034948 0BV
| 3
| 2/
a"3) 0.0 0.0
)
M2/ 2

The orbiter MPS nozzle pressure data were integrated using Chrysler
Corporation's SADSAC program to obtain the load distributions along the
nozzle axis and the total nozzle loads. Integration of the pressure
data (first integration) was performed according to the foliowing
equations (see Figure 8):

360
dC --%
Tx/de) Sy 0 Cp d (R sin ¢)
d
__E!}\ .. e 1360 Cp(g—- ;ﬁ) d (R sin ¢)
d(x/dg) N0 e e
dCy = % 360 ¢4 (R cos
Ty 5 5 G Resd

ic g 360 x._x(;)dR
B e SR AT A
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where:

Full Scale Model Scale
Sy 49.4 ft° 01783 £t?
de 90.73 in. 1.7238 in.
Xg 158 in. 3.002 in.

These integrations were performed on the curve fits of Cn vs. PHI
displayed on piot pages 73-144. The resultant local loads coefficients
are plotted against x/d, on plot pages 289-384.

The integrations for total nozzle CN, Cp, Cy. and C, (second inte-
gration) were performed according to the following equations:

1.0 dc
oy = / N d(x/dg)
N 0 a/dg) ¢
1.0 dey

Cm = 6 m d(X/de)

1.0 dCy
Cy = é’ W d(X/de)
1-0 dCp

b~ § d(x/dg)  d(x/dg)

The load distributions were extended to the limits of integration
by assuming ze:o values for the local load coefficients at both limits.
These added end points were then included in the curve fit used for the
second integration. Thk2 load distribution plots do not irclude the inte-
gration limits and therefore the plot fairings will not be the same as
the curve fits used for integration.
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TABLE I
TEST { CALSPAN T14-053 DATE 3 22 Sune '73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE kTAGNATION TEMPERATURE
MACH NUMBER (per unit fength) (pounds/sq. inch) (degrees Fahrenheit)
.9 2.75 x 10° 480 135
1.2 2.25 x 106 440 140
BALANCE UTILIZED: 2.5 INCH TASK MK 111
CAPACITY: ACCURACY: (}%ELFE;'E,:ECE'
v 1400 Tbs .5%
YF 700 1bs .59
AF 280 1bs .5%
NA 1400 1bs .5%
YA 700 1bs .5%
RM 2000 1n-1bs .5%

COMMENTS:
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TABLE II
DATASET COLLATICH SUMMARY
TOF NCZ/LE M =0.9

DISTANCE FORWARD OF NORZLE &£XIT

X0z 058\ x/0=.232| /=400 |x/b=.580 |x/p=.753 |x/b=.928
H [2) /I 130 12 | L0 /1190 10 |120 72 /50 8
28 24 |36 3544 47|5¢ S2 |63 6|73 7/
29 27 | 37 385 | ¢5 46155 §3164 eS| 74 72
30 / 60 12 | 90 11 1720 101150 710 2z

(2]

g 3 35|44 @q70s4 2|63 66|73 7/|28 2k
; 37 38145 46|55 53| 6é¢ (S| 74 72|23 27
| 60 1 | 90 12120 1HH)/s0 10} O 3| 30 2
; S| 44 47|54 s21e3 46|73 7/ |28 26| 26 35
45 46155 S3|¢4 eS| 74 72129 27|37 38
g o 70 / lr20 12])/50 /1] o 4| 30 31| oo 2
; ol 5¢ s52|63 Cb| 72 7/ 28 263 35| ¢ 47

S5 S3 |64+ eS| 74 72|29 2737 38| 45 46
/120 /1 |rs0 12| o S| 30 4 | 60 3| 90 2
63 bb | 73 7/ ) 28 Zb | 36 35| 44 446 s4 52
64 L5 |74 72| 29 27137 38| ¢S5 47|55 S3
/50 /11 o bl 3¢ 51 ec 41 90 3 [ /20 2
73 711 28 26| 36 35| 44 ¢7 | 5¢ SZ| L3 YA
74 72 27 27| 37 38| 45 46| 5§ 53| b+ &5
0 71 30 6l 6o 5| 70 4] /20 3|l r50 2
28 26| 26 351 494 47| sa S2| 3 G| 73 7/
29 27| 37 38| 45 46|55 S3| 64 65| 74 122
30 71 &0 6l 50 S\|720 4,50 3} o
3. 35| 4¢ 47| 5¢ 52|63 6| 73 7|28 26
37 38| 45 4Ll 55 S3|6# 65| 74 72) 27 27
bo 71 90 bl/zo &5 |r850 4 ¢ 30 &
63 66 | 72 7/ | 28 26| 36 35

OF FIXED WNOZZLE ~ DEGREES

3301300 | 270|240 2/0| 780 |/50] /20

44 47| s¢ sz
45 44| 55 53|64 5] 76 72| 29 27 |37 3§
906 7 |7z0 6 /506 5| 0 /0| 30 9| 60 8
: sS4 S22 )| 63 b | 73 7/ | 28 26| 3¢ 35|44 47
> 5SS S3| ea 65| 74 72| 29 27| 37 23| 45 46
el ol’20 7|/56 &| o 11130 /0160 71 9 8
3 (b6 7/ 1 28 26| 36 44 47| se¢ 52

73 35
64 65| 74 72| 29 27| 37 38| 45 46] S5 53

/s6 71| o 12130 11 0 10 90 91r20 8
73 7/ |28 26|36 35| 42 «7 | s¢ S2| 63 66
74 72| 29 27|37 38 45 46| 55 S3| 64 S
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TABLL TII.
MODEL COMPONENT DESCRIPT1ONS

MODEL COMPONENT: B10 - Body

GENERAL DESCRIPTION: Fuselage, 2A Configuration, Lirhtweight Orbiter per

Rockwell Lines VL70-000089 "3".

Scale Model = 0.019

VL70-000089 "g"
VL70-000092, 93, 9L "A"

DRAWING NUMBER: SS-A-00092
DIMENSIONS: FULL-SCALE MODEL SCALE
Length —~ in. ‘ 1328.73 25.238
Max. Width~in. (@X, = 1523.3) . 265.0 5.U35
Max. Depth ~ in. (OX° = 1480.57) 2L2.0 L.712
Fineness Ratio 5.012 5.012
Area ~ Ft.?
Max. Cross-Sectional L56 .4 0.16.48
Planform - -
Wetted - -
Base - ' -

y OF THE

e .L.‘Ll

A TiAL FAGS 18 POOR




TABLE I1I. (Continued)

o ‘ MODEL COMPONENT: C5 Orbiter Canopy

: ‘ GENERAL DESCRIPTION: Orbiter Canopy for Light Weirht Orbiter Confipuration

Model Scale = 0.019

DRAWING NUMBER: VL~70-000092

l :

* DIMENSIONS : FULL-SCALE MODEL SCALE
i

! .

; STA. FAD. Bulkhead, in 391.0 7.429

!

! STA. T.E., in 0.0 - _10.6LU

Canopv/Body Intersaction,IN 1391.0




TABLE I1I1I. (Continued)

. MODEL COMPONENT: D7 - Manipulator Heusing

GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-000093

Scale Model = 0.019

DRAWING NUMBER: VL70<000093; SS-A-00092

DIMENSIONS : FULL-SCALE
Length ~ in. ’ 821.0
Max. Width ~in. 51.0
Max. Depth ~ in. . 23.0

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Locaticn at:

t Fuselage BP = 0.0
WP = 500.0 INFS
Xol26.0 to X,1307.0 INFS
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MODEL SCALE

16.739
.0.969
0.437




TABLE II1. (Continued)
MODEL COMPONENT: _ WIMN5-W 87 Lightweight Orbiter

GENERAL DESCRIPTION: Orbiter Configuration per Rockwell Tincg VIZ0-000093
"NOTE: (Dihedral angle is defined at the lower
surf ! '
element line :
projected into a plane perpendicular to the FRL..

Scale Model = 0.019

JEST NO. : . DME. NO. VL70-0000
- 1, 92
DIMENSIONS: FUL-SCALE MODEL SCALE
TOTAL DATA 2
1 rea (iheo.) Ft
‘ Planform 2690.0 0.971
f Span (Theo In, 35582 17.7
i Aspect Ratio 2.255 2.265
| Rate of Taper T.177 1.177
; T:per Ratio 0.X0 T 0.200
f Dihedral Angle, degrees ;g g.goo
Incidence Ang]é. degrees . 3.000
Aerodynamic Twist, degrees ¥3.000 +3.000
Sweep Back Angles, degrees .
Leading Edge 45.000 45.000
Trailing tEdge WL ~10.
0.25 Element Line 35-209 . 35.209
Chords: ﬂkIN 639.2 .
ROOt Theo BQP'0.0' - l‘ l -09
Tip, (Theo) B.P. 137.85 __:5?6I§"
MAC Lha-ol 9.021
Fus. Sta. of .25 MAC 1T36.59 21. 601
W.P. of .25 MAC 299 20 5,685
B.L. of .25 MAC . 182.13 z.L§o
EXPOSED DATA
=TRrea (Theo) Ftl 1752.29 0.633
Span, (Theo) In. BP108 22,48 13693
Aspect Ratio 2058 2.058
Taper Ratio 0.2451 Q251
Chords
Root BP108 Egg.go 10.686
Tip 1.00 b 37.85 2.619
MAC .03 Z,QQQ
Fus. Sta. of ,25 MAC 5.31 32. 521
W.P. of .25 MAC . 20 5,704
B.L. of .25 MAC $1.76 4.783
Afrfoil Section (Rockwell Mod NASA)
XXXX=64
t/c aRoot% = 0.425 0.10 ~2.10
e aTiP % *  1.00 Q.12 %22
{ Data for (1) off (2) Sides
Leading Edge Cuff 2
Flanfor:a Area Ft B OLAL
Leading Edge Intersects Fus M. L. @ Sta
Leading Edge Intersects Wing @ Sta 1015.0 .
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TABLE II1. (Continued)

g MCOEL COMPONENT: E18 - Elevon

GENERAL DESCRIPTION: 2A Configuration Per W-87 Rockwell Lines VL70-000093

Data for (1) of (2) Sides

Scale Model = 0.019

- DRAWING NUMBER: VL70-000093; SS-A-00092

i DIMENSIONS . FULL-SCALE MODEL SCALE

| Area . py2 205.52 0.0742
Span (equivalent) ~ in. 353.34 6.713
Inb'd equivalent chord (B.P.115.0in),in  114.78 2.18
Outb'd equivalent chord (B.P.L68.3in),in_ 55.00 1.045

Ratio movable surface chord/
totai surface chord

At Inb'd equiv. chord ‘ 0.208 0.208

At Outb'd equiv. chord 0.400 0.400
Sweep Back Angles, degrees

Leading Edge 0.00 0.00

Tailing Edge -10. 24 =10.24

Hingeline (x »1387" 1, §, 0.00 0.00
Area Moment (Normal to hinge line) Ft3 1,548.07 0.01062

Product of Area Moment

NOTE: The elevon panel consists of an InBD and OutBD segment. The
split line dividing the segments is at B.P. 281 inches full
scale (B.P. 5.339 inchas Model Scale)




MODEL COMPONENT :
GEMERAL DESCRIPTION:

TABLE IIT.

(Continued)

VERTICAL - V5 (Light Wt. Orbiter Configuration)

Rounded Leading Fdge

Centerline Verticai Tail, Doybie dedize Airfoil with

Model Scale = 0.0l?

DRAWING NUMBER:

VL-20-000095; SS-4-00092

DIMENSIONS :
TOTAL DATA

Area (Theo) Fi2
Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Lire
Chords: Inches
Root (Theo) WP
Tip (Theo) WP
MAC
Fus., Sta. of ,25 MAC
W. P, of .25 MAC
B. L. of .25 MAC
Afrfoil Scocion

Leading Wedge Angle ~ Deg
Trailing Wedge Angle ~ Deg

Leading Edge Radius 6 1n
Void Area~ny.
Blanketed Area ~Ft~

FULL-SCALE MODEL SCALE
L13.28 0.1L92
315.72 5,999
1.A75 1.67¢
0.307 0.507
0.L0L 0.4L04
L5.000 45,000
26.219 26.2
L1.130 11130
268.5¢ 5.107
108..,7 2.041
199, 9] 3.795
1LE3. <0 22307
R35. 57 _12.075
0.0 Q.9
10.00 10,60
14.92 1492
2.00 Q.03
‘j.lz 12 QQ"’S
lg,éz Q.00LS87




TABLE TI1I. (Continued)

MODEL COMPONENT: RS - Rudder

GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL 70-000095.

Scale Model = 0.019

v DRAWING NUMBER: VL70-000095 _$§-A00091, 92

?

| DIMENSIONS: FULL-SCALE MODEL SCALE
Area ~ p2 106.38 | 0.0384
Span (equivalent)~1IN 201.0 ' 3.819
Inb'c equivalent chord, 1IN 91.585 1.7,0
Outb'd equivalent chord IN‘ 50.833 0.966

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.4,00 9.400

At Outb'd equiv, chord 0.400 0.400
Sweep Back Angles, degrees

Leading Edge 34.83 J34.83

Tailing cdge 26.25 26.25

Hingeline 34.83 3L.83
Area Moment (Normal to hinge line)~Ft3 _526.13 0.00361

(Product of Arga and Mean Chord)




TABLE I1I. (Contin-zd)

MODEL COMPONENT: M, - OMS POD

GENERAL DESCRIPTION: 24 Lightweight Orbiter Confipuration per Rockwell Lines

VL70-00009. "A™

Scale Model = (.019

DRAWING NUMBER: VL70-00009L "A"; SS-A-00092
DIMENSIONS : FULL-SCALE MODEL SCALE
Length - ip. ' 346.0 6.574
Max. Width~in. 4 Xo 1450.0 ' 108.6 2,052
Max. Depth~in. © x; 1500.0 113.8 2.162
Fineness Ratio - -
Area
Max. Cross-Sectional - -
Planform - -
Wetted - -
Base - -
¢ of OMS POD

70 = 463.9 INFS: WPLUO + 63.9 = 463.9 INFS
Yo = 80.0 INFS

Length: X, 1214.0 to X, 1560.0 = 346.0 INFS
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TABLE III. (Continued)

'ONEL COMPONENT: N8 - OM5 Nozzle

; CHUERAL BESCRIPTION:T  Rasic OMS Nozzle of the 24 Confipuration per lorkweil

Tipes VIO 002906 and VI70-C00083 B

Crade Monea Q0,014

“PIWING NG VI70-008306, VL70-000089"B", S55-A00092
: NTHENS TONS FULL-SCALE MODEL SCALE
!

MAQi NO. -

DIAMETER DEX ~ IN 50. 00 UL 950

DIAMETER DT ~ 1IN N/A NSA
DIAMLTLR DIN ~ IN

2800 1,532
8N ~ DEGREES N WA
AREA <
MAX CROSS-SECTIONAL 13.635 w0y
GIMBAL ORIGIN Xo Yq g
Teft NOZZLE ~ IN 1518 -38.0 Lo
lieht NOZZLE ~ 1IN 1518 +38.0 497
NULL POSITION PITCH YAW
Lell NOZZLE ~ Deg. 15949 -l200
Hirnt  NOZZLE -~ Deg. 150491 r1201 /"

Interse-tion of Nozzle
feit Plane and Lorzie
.enteriine: o~ i
. A

]
I
b

C

-d




TABLE IIT. (Continued)

MODEL COMPONENT : NG Orbiter Nozzles

GENERAL DESCRIPTION: Qrbiter Nozzles used for Coli Jet Plume Simulaticn at

YT 29,1.25, 1.55,2.0,3.0 and 2.5, _All Three Model Norzles are Mounted to B

Ball Sockets which allow Gimbal Angles of +11° Pitch and $9° Yaw

from NHLL. Model Scale = 0,019

DRAWING NO. S5-4--00097 S5-A-00095

DIMENS IONS FULL-SCALE MODEL SCALE
MACH NO, 9 thru 3.¢
e ity

( DIAMMETER DEX ~ IN

.73 1.7°38
i
; DIAMETER DT ~ [N 22,196 0.53L,
DIAMETER DIN ~ IN __37.336 0. 709,
6N ~DEGREES - -
AREA ~p¢ 2
- kx1 - &)
MAX CROSS-SECTIONAL (ixit) L, . 396 0.016:
GIMBAL ORIGIN Xo Yq Zq
UPPER NOZZLE ~ 1y (F.s., ¥.s.) 45,0, 27.455 0.0, 0.0 L43.0, 8./
> pSas A AN .

BOTTOM NOZZLE ~ y (F.5., ¥.8.)  1467.9, 28.990 23:0, 1.007 326, £,
NULL POSITION

PITCH YAW
UPPER NOZZLE 16° 0°
BOTTOM NOZZLE 10° 3,50 (Ongpie
~i0 ~3:22 (Ou

REPRODUCKHIH&'OF'HUJ
ORIGINAL PAGE IS PUOR
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TABLE III. (Continued)

SmEL COMPONENT: Ny Orbtiter lozzles

SETFPAL DESCRIPTION:  grbiter Norzles used for Cold Jet Plum: Simulation at

M et ts s 500 200, 3,0, and 3.5,

The totte~ nerzles gimbal £ 11° pitch ¥ 9° YTaw in Rall Sockets. The upper norzel-

nczeie surface.  Model Scale = 0.019
NDRAYING NO. S5S-A-00097; 55-A-00095

i3 fixed at + 11° Pitch, -9° Taw and has twelve (12) external stati~ taps on’

DINMENS IONS FULL-SCALE MODEL SCALE

MACH NO. .9 thry )

DIAMETER DEX ~ IN 90.75 1.7238 ;
DIAMETER DT ~ IN 28,126 0. "3y
DIAMETER DIN ~ IN 317.53E 07000
eN ~DEGREES - -
AREA ~ 7t
MAX CRGSS-SECTIONAL (zxit per Nozzle) Ll 89F 0.0162
GIMBAL ORIGIN Xo Yo Z,,
UPPER NOZZLE ~ IN (F.S5., M.S.) 1445.0, 27.455 0.0, 0.0 4L3.0, 3.7
BOTTOM NOZZLE ~ 1N (F.s5., M.S.) A467.9, 27.890__£3.0, 1.0007 5,2.6, €.510
NULL POSITION PITCH YAW
UPPER NOZZLE 16° 0°

BOTTOM NOZZLE 10° 3.5° (Out.BD)
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TABLE III. (Continued)

MODEL COMPONENT: _Fu moiy Figp

GENERAL DESCRIPTION: Aft Body Flap Used on Light Weight Orbiter Confiruration

Model Scale = 0.0]96

DRAWING NUMBER: VL~70-00009/ "A", SS-A-0009

DIMENSIONS : FULL-SCALE
Length - in P 5% B
Max. Width, in 265.00 -
Max. Depth | -

Fineness Ratio ’ -
Area 2

Max. Cross-Sectional -

Planform _lu2.6L
Wetted -

MODEL SCALE

1.609

L OL L —

0.05149

0.01395




TABLE III.  (Continued)
COMPONINT: Xg Transition Strips
DESCRIPTION: Transition grit strips used in AMES 9x7 wind tunnel.
Microbeads were used to make grit strip. Microbead
diameter equals 0.0065 inches.
Model Scale = 0.019
LOCATIONS: (Dimensions Model Scale)
SRM: 2 inches aft of nose (0.125" wide strip)
EOHT: 6 inches aft of nose (G.125" wide strip)

WING: 0.5 inches perpendicular to wing leading edge
(0.125" wide strip)

VERTICAL TAIL: 0.25 inches perpendicular to tail leading
edge (0.125" wide strip)

ORBITER BODY: 0.75 inches aft of nose (0.125" wide strip)




TABLE III. (Continued)

‘ Model Component: Solid Rocket Motor (5;0)

General Description: Booster solid rocket motor, body of revolution
Data for 1 of 2 sides

Model Scale = 0,019
Drawing Number: V177-000039

Dimensions: Full-Scale Model Scale
Length (includes nozzle), in, 1741.0 33,080
Max width (diameter), in, 142, 0 2,698
Max depth (aft shroud 192.0 ) 3. 648
diameter), in,

Fineness ratio 9.0677 9.0677
Area ~ ft°

Max cross-sectional 201,062 - 0.0726

Planform

Wetted

Base ' - -
WP of BSRM centerline, 400, 0 7. 600
(XT), in,
FS of BSRM nose, (XT), in, 743,0 14,117

\ 73
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TABLE III. (Concluded)

:  MODEL COMPONENT:  T1O External Tank . : .

- GENERAL DESCRIPTION: _External Oxygen Hydrogen Tank

E Configuration to which the Orbiter and the Two Solid Rocket Motofs attach

Body of revolution

Model Scale = 0.019

DRAWING NUMBER:  VI-70-000088  VL-78-000041

! DIMENSIONS : | | FULL-SCALE MODEL SCALE
| ,
: Length, IN (Nose @ X = 309.0) 1865.0 35.435
' Max. Width (Dia.), IN 324.0 . 6.156
Max. Depth - -
Fineness Ratio 5. 75617 5.75617
Area Ft2 | .
Max. Cross-Sectional 572.56 0.2067
Planform | - -
Wetted - =
. Base - -
" W.P. of Tank Centerline, (Xy) IN -  -_ 400.0 7.600 -

T
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TABLE IV.

THFP

) X /De TAP WNOS | Di /Py
0 056 /, 12,25 l2<1/
20 728 2,14 ,26 Lo
60 753 3,159,707 A 4
20 . 580 L,16.,26 /.04
/70 . 406 5,17,27 ;. 4179
150 L 732 e 18,2¢C 1.235749
JEO L0058 7,197,351 /. 2817
210 928 £, 20, 2¢ O.67F7
24 L7153 7,2/,33 rEL7¢
2C . 580 10,2.2,%4 [ Cl147
3¢ . 4006 /1,23, 35 1./4°/7
320 22 12.24.36 | 4. 234

LOCAT/ONS

- OURITEP NOZZ2LES




TABLE V.
DIMENSTONAL DESCRIPTION
ORBITER NOZZLES

_x/r* r/r*
EXIT PLANE
0 3.2257
.1097 3.2107
.3365 3.1793
.5879 3.1430
.8660 3.1010
1.0101 3.0786
1.3342 3.0258
1.6437 2.9727
1.8428 2.9368
2.0992 2.8892
2.2421 2.8615
2.4012 2.8301
2.5782 2.7942
2.7743 2.7530
2.9918 2.7058
3.1995 2.659]
3.4008 2.6123
3.5307 2.5808
3.6999 2.5393
3.9169 c.4828
4.0378 2.4525
4.1718 2.4165
4.3215 2.3754
4 .4862 2.3286
4.6980 2.2665
4.8990 2.2055
5.0303 2.1639
5.1969 2.1104
5.3945 2.0442
5.6396 1.9585
5.7848 1.9053
5.9188 1.8552
6.1246 1.7754
6.3593 1.6796
6.5565 1.5954
6.7013 1.5307
6.9143 1.4315
7.1815 1.7665
7.2455 1.2665
7.4502 1.1568
7.5569 1.0969 N




i TABLE VI
. DIMENSIONAL DESCRIPTION
SRM NOZZLES Ny,

M=0.09,1.2; ¢€=17.0
NONDIMENSTONAL COORDINATES

initial angle = 23° r* = 0.509 in.
exit 1ip angle = 11° |
t {
: POINT AXIAL RADIAL NOZZLE |
| NO. X/r r/r* GEOMETRY
!
{
: 1 0.00000 1.00000 Throat Plane
| 2 0.04689 1.00184
3 0.11719 1.01155 Circular arc
4 0.16409 1.02286 section
5 0.21098 1.03832
6 0.23443 1.04766 Conical
7 0.54862 1.18106 section
8 0.80001 1.28777
9 0.86284 1.31443 Contoured
10 1.13502 1.42312 section
1 1.50148 1.57291
12 1.93249 1.73122
13 2.29137 1.85372
14 2.67702 1.97678
15 3.08772 2.09868
16 3.52343 2.21816
17 3.98088 2.33472
18 4,45984 2.44695
19 4.79089 2.51908
20 5.13099 2.58921
21 5.42124 2.64578 Exit Plane
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Nozzle Pitch Plane

Nozzle

Orbiter Yaw Plane

Aft

Body

Line
Perpendicular
to Orbiter

Water Plane
\

1.: Upper MPS Nozzle
Gimbal Point

2.: Bottom-Left MP.
Nozzle Gimbel Point

3.: Bottom-Rignht MPS
Nozzle Cimbal Point

/

Figure 2.a. - Cimbal Planes and 5ign Conventions.
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This plane is parallel to the

nozzle base plate. All gimbal Nozzle Pitch
angles are set and measured o Plane (shaded)
with reference to this =0

plene. ‘

Nozzle Yaw Plane

¢ = 180°

Figure 2.b.- Nozzle Gimbal Angle.
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e g

—— —_—
A e il

Dﬂ?ﬁﬂﬂWOﬁl,

Angle of Sideslip, B

Angle of Attack, a, and Angle of Incidence, 1

Figure 2.c. - Sign Convention for Angle of Sideslip, Angle of Attack, and Incidence Angle.
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VERTICAL TAIL ' LANE OF SYMM.

1

ﬂl‘
(TOP VIEW) S
Ubp
+ Chp Pl o7
Sty

Rudder Deflection Angle, &
and hinge moment, Ty
r

WING REF. PLANE

*'C?ffe' _ d;;E\;E;\‘-.\J/

Elevon Deflection Angle, 8.
and hinge moment, CHe

Figure 2.d. - Sign Convention for Rudder and Elevon Deflections.
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2.8 TASK MK
BALANCE CEANT ER

MRP
Xr=/809" Xr=28/25"
Yr= 0.0" Yr:o0.0"
By= 7.60" N, 2,:7.60" Y2 N,
Borrors Bacance Pu bo
Xr=¢2529°

# _ - ~ Balance 3 _
: A € =o.0"

ﬁ—a"a.;&?"——-—-—

et ==3.533-

§==10:533"
== /1.283 -

Figure 2.f, - Moment Transfer Diagram.
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PER CENT™ CHORLD

xX/c ~

60-

/o7

THEORETICAL-
LERDING EOGE

NOTE : [ ) DENOTES LOWER
SURFACE
208 (4 (] xX/c &AsEs ow
LOCAL CHORDO
N

302 \ ‘ \2\14‘\

299

a7 ~ PER CENT SEMI-SPAN

Figure 3.a. - Wing Pressure Tap Loc‘tions
for Right Hand Wing Panel.
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» iy

I

8L 115"
e 9.85"

Nozeee Cerrer

8. 220"
wie 8.80"

Ab

Figure 3.c. - OMS Pcd Base Static Pressure Tap Locations.
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303,304
(Bacancs cdameee) ‘
(
1

Figure 3.d. - EOHT Pressure Tap Locations.
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Figure 3.e. - SRM Pressure Tap Locationms.
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Figurz 4.d. - 2A Orbiter, Vertical Tail.
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Figure &4e. - 2A Orbiter, Body Flap, Fé.
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Figure 4.g. - 2A Orbiter, Nozzle.
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CHES

r ~ RADIUS IN 1N

DESIGN INFORMAT 10N FOR ORB-1-ABC NOZZLE CONTOURS

Nozzles Ng, No

X ~ INCHES FORWARD OF EXIT PLANE

Ngs N

2.0192
0.2931
0.2003
2.1178
0.4675
0.2003
2.1178
0.4675
0.2672
2,2239
0.2977
2,4231

=0,0212

0.3759
0.3547

(Mach Nos,

0.9, 1.25, 1.55, 2.0 3.0, and 3,5)

Figure 4.gbé— Concluded,
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Figure 7.a. - Front View of Integrated Vehicle.
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Figure 7.b. - Aft View of Integrated Vehicle with Orbiter Nozzle Gimbaled.
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